Efferent connections of an auditory area in the caudal insular cortex of the rat: anatomical nodes for cortical streams of auditory processing and cross-modal sensory interactions.
In the rat cortex, the two non-primary auditory areas, posterodorsal and ventral auditory areas, may constitute the two streams of auditory processing in their distinct projections to the posterior parietal and insular cortices. The posterior parietal cortex is considered crucial for auditory spatial processing and directed attention, while possible auditory function of the insular cortex is largely unclear. In this study, we electrophysiologically delineated an auditory area in the caudal part of the granular insular cortex (insular auditory area, IA) and examined efferent connections of IA with anterograde tracer biocytin to deduce the functional significance of IA. IA projected to the rostral agranular insular cortex, a component of the lateral prefrontal cortex. IA also projected to the adjacent dysgranular insular cortex and the caudal agranular insular cortex and sent feedback projections to cortical layer I of the primary and secondary somatosensory areas. Corticofugal projections terminated in auditory, somatosensory and visceral thalamic nuclei, and the bottom of the thalamic reticular nucleus that could overlap the visceral sector. The ventral part of the caudate putamen, the external cortex of the inferior colliculus and the central amygdaloid nucleus were also the main targets. IA exhibited neural response to transcutaneous electrical stimulation of the forepaw in addition to acoustic stimulation (noise bursts and pure tones). The results suggest that IA subserves diverse functions associated with somatosensory, nociceptive and visceral processing that may underlie sound-driven emotional and autonomic responses. IA, being potentially involved in such extensive cross-modal sensory interactions, could also be an important anatomical node of auditory processing linked to higher neural processing in the prefrontal cortex.